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Specification 

Method of Producing a Rotary Member 
Made of a Metallic Plate 

5 

Technical Field 

The present invention relates to a method of 
producing a rotary member made of a metallic plate to 
be used as an inner wheel of a V-pulley, a rotor of an 

10 electromagnetic clutch or the like;, such a rotary mem- 
ber being obtained by (i) integrally forming, at the 
center of a plate-like metallic blank/ a case-like 
boss adapted to be put on a rotary body such as a ro- 
tary shaft, the case-like boss projecting in one di- 

15 rection from one lateral side of the blank, and (ii) 
integrally forming, at the outer periphery of the 
plate-like metallic blank, a case-like peripheral wall 
concentrically projecting in the same direction in 
which the boss projects. Also, the present invention 

2 0 relates to a method of producing a rotary member made 
of a metallic plate such as an unfinished intermediate 
part of a V-pulley or poly-V pulley made of a metallic 
plate, such a rotary member being obtained by inte- 
grally forming, at the center of a plate-like metallic 

25 blank, only a case-like boss adapted to be put on a 
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rotary body such as a rotary shaft, the case-like boss 
projecting in one direction from one lateral side of 
the blank. 

5 Backgroiand Art 

Conventionally, a cold forging method is widely 
used as a method of producing a predetermined rotary 
member by forming, at the center of a plate-like 
metallic blank, only a case-like boss projecting from 

10 one lateral side of the blank, or as a method of pro- 
ducing a predetermined rotary member by forming, at 
the center of a plate-like metallic blank, a case-like 
boss projecting in one direction from one lateral side 
of the blank, and by forming, at the outer periphery 

15 of the blank, a case-like peripheral wall concentri- 
cally projecting in the same direction in which the 
boss projects. 

The conventional cold forging method above-men- 
tioned is adapted to form only a case-like boss, or 

20 both a case-like boss and a case-like peripheral wall 
with the use of a plastic flow of a material itself. 
There is a sheet metal product such as a rotor of an 
electromagnetic clutch or a V-pulley requiring a boss 
having a relatively small inner diameter and a relati- 

25 vely great projecting height, or a sheet metal product 
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requiring a relatively narrow annular space between a 
boss and a peripheral wall which are concentrically 
formed at inner and outer portions of the product. W- 
hen producing such a sheet metal product from a thick 
5 blank in order to assure a sufficient strength, it is 
difficult to form such a boss having a predetermined 
diameter and a predetermined projecting height, or to 
form such a narrow annular space, even though there is 
used a large-size press machine of the class of 2,000 

10 tons to 2,500 tons. Accordingly, the range in which 
such a product can be formed, is automatically limited 
by the relationship between the sizes of diameter, 
height and the like, and the thickness of the blank. 

In view of the foregoing, the present invention 

15 is proposed with the object of providing a method of 
producing a rotary member made of a metallic plate, 
capable of forming, with high precision, only a boss 
or both a boss and a peripheral wall each having a 
predetermined diameter, a predetermined thickness and 

20 a predetermined height, with the use of a small press 
machine without the thickness of the initial material 
reduced so much in the course of production steps. 

Disclosure of the Invention 

25 To achieve the object above-mentioned, the pre- 
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sent invention provides a method of producing a rotary 
member made of a metallic plate, by which there is 
formed, at the center of a plate-like metallic blank, 
a case-like boss which projects in one direction from 
5 one lateral side of the blank, and this method com- 
prises the steps of: curving a metallic blank such 
that the blank is convexed in the direction in which a 
boss is adapted to project; and bending, with the out- 
er peripheral edge portion of the curved blank re- 

10 strained from radially outwardly extending, the re- 
sulting arcuate portion of the blank in the direction 
opposite to the convex direction thereof, so that a 
case-like boss having a bottom and an annular flat 
portion are formed. 

15 According to the method of producing a rotary 

member made of a metallic plate of the present inven- 
tion, both the curving step of curving a metallic 
blank for forming a case-like boss and the bending 
step of bending the resulting arcuate portion of the 

2 0 blank, are a kind of bending operations. This re- 
strains the blank from being reduced in thickness due 
to a plastic flow of the blank material, thus re- 
straining the strength from being lowered. Further, 
even though the metallic blank is considerably thick, 

25 a predetermined boss can be readily formed with the 
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use of a relatively small-size press machine. Further, 
at the bending step, the outer peripheral edge portion 
of the blank is restrained from radially outwardly 
extending. This prevents the blank material from being 
5 outwardly moved, but causes the blank material to be 
moved toward the center of the blank. Accordingly, 
there can be formed a boss having a sufficient thick- 
ness and a predetermined projecting height, even 
p though the boss has a small inner diameter. 

;r>i 10 The present invention also provides a method of 

fti producing a rotary member made of a metallic plate, by 

"r^ which a plate-like metallic blank is processed such 

that the blank is provided at the center thereof with 
J5 a case-like boss projecting in one direction from one 

f:; 15 lateral side of the blank, and at the outer periphery 

y thereof with a case-like peripheral wall concentri- 

cally projecting in the same direction in which the 
case-like boss projects, and this method comprises; a 
first curving step of curving a metallic blank such 
20 that the blank is convexed in the direction in which a 
boss is adapted to project? a bending step of bending, 
with the outer peripheral edge portion of the curved 
blank restrained from radially outwardly extending, 
the resulting arcuate portion of the curved blank in 
25 the direction opposite to the convex direction there- 
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of, so that a case-like boss having a bottom and an 
annular flat portion are formed; and a second curving 
step of pushing, with the case-like boss having the 
bottom restrained from being deformed, the inner peri- 
5 pheral portion of the annular flat portion in the di- 
rection opposite to the direction in which the case- 
like boss projects, so that a case-like peripheral 
wall is formed, as upwardly standing, at the outer 
periphery of the flat portion. 

10 According to the method of producing a rotary 

member made of a metallic plate of the present inven- 
tion, all the first curving step of curving a metallic 
blank for forming a case-like boss, the bending step 
of bending the resulting arcuate portion of the blank 

15 and the second curving step of pushing the flat por- 
tion to form a case-like peripheral wall, are a kind 
of bending operations. This restrains the blank from 
being reduced in thickness due to a plastic flow of 
the blank material, thus restraining the strength from 

2 0 being lowered. Further, even though the metallic blank 
is considerably thick, a predetermined boss and a pre- 
determined peripheral wall can be readily formed with 
the use of a relatively small-size press machine. Fur- 
ther, at the bending step, the outer peripheral edge 

2 5 portion of the blank is restrained from radially out- 
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wardly extending. This prevents the blank material 
from being outwardly moved, but causes the blank mate- 
rial to be moved toward the center of the blank. Ac- 
cordingly, there can be formed a boss having a suffi- 
5 cient thickness and a predetermined projecting height, 
even though the boss has a sm^ll inner diameter. Fur- 
ther, at the second curving step, the boss formed at 
the bending step is restrained from being deformed. 
This prevents the blank material from being moved both 

10 inwardly and outwardly. Thus, the boss can be prevent- 
ed from being deformed, and the peripheral wall having 
a sufficient thickness can be formed. Further, the 
outer peripheral edge of the blank is restrained from 
radially outwardly extending, and the boss is re- 

15 strained from being deformed. This improves the dimen- 
sional precision of the resulting product in its en- 
tirety. 

The method according to the present invention 
may further comprise, after the bending step, a fi- 

2 0 nishing step of axial ly compressing the bottom of the 
case-like boss formed at the bending step such that 
the bottom becomes flat and is located at a predeter- 
mined projecting height. In such an arrangement, the 
boss having a predetermined projecting height can be 

25 finished with higher precision. Further, a boss per- 
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tion which projects excessively in the height direc- 
tion, can be axially compressed to cause the boss to 
be thickened. This is more advantageous in view of the 
strength of the boss, 
5 The method according to the present invention 

may further comprise, after the second curving step, a 
cutting step of cutting the projecting end portion of 
the case-like boss having the bottom formed at the 
bending step, thus forming a shaft insertion hole in 
10 the case-like boss. In such an arrangement, even 
though there occur errors about dimensional precision 
at the curving and/or bending steps, such errors can 
be absorbed, thus ultimately providing a rotary member 
of which dimensional precision is very high. 

15 

Brief Description of the Drawings 

Figure lA and Figure IB are section views of 
main portions of a first sub-step of a first curving 
(drawing) step in a method of producing a rotary mem- 
2 0 ber made of a metallic plate according to an embodi- 
ment of the present invention; 

Figure 2A and Figure 2B are section views of 
main portions of a second sub-step of the first curv- 
ing (drawing) step in the method above-mentioned; 
2 5 Figure 3A and Figure 3B are section views of 
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main portions of a first bending (squeezing) step in 
the method above-mentioned; 

Figure 4 A and Figure 4B are section views of 
main portions of a second bending (squeezing) step in 
5 the method above-mentioned; 

Figure 5A and Figure 5B are section views of 
main portions of a third bending (squeezing) step in 
the method above-mentioned; 

Figure 6A and Figure 6B are section views of 
10 main portions of a fourth bending (squeezing) step in 
the method above-mentioned; 

Figure 7A and Figure 7B are section views of 
main portions of a second curving (drawing) step in 
the method above-mentioned; 
15 Figure 8A and Figure 8B are a vertical section 

view and a plan view of a rotary member made of a 
metallic plate produced by the method of the present 
invention; 

Figure 9 is a vertical section view of a rotary 
2 0 member made of a metallic plate produced by the method 
of the present invention, as assembled as a rotor of 
an electromagnetic clutch; 

Figure 10 is a vertical section view of a rotary 
member made of a metallic plate produced by the method 
2 5 of the present invention, as assembled as an inner 
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wheel of a V-pulley; and 

Fig* 11 is a vertical section view of a product 
produced by the method of producing a rotary member 
made of a metallic plate according to another embodi- 
5 ment of the present invention. 

Best Mode for Carrying Out the Invention 

The following description will discuss a method 
of producing a rotary member made of a metallic plate 

10 according to an embodiment of the present invention, 
in the form of a method of producing a rotor to be 
used as assembled in an electromagnetic clutch. In 
this embodiment, using a circular plate-like metallic 
blank having a thickness t of about 3 to about 5, 

15 there is formed a rotor for an electromagnetic clutch 
having (i) a boss of which inner diameter dl is about 
60 mm and of which projecting height h is in the range 
from about 2 8 to about 32 mm, and (ii) a peripheral 
wall of which outer diameter d2 is in the range from 

20 about 12 0 to about 150 mm. 

Fig. lA shows a first sub-step of a first curv- 
ing (drawing) step. As shown in Fig. lA, a circular 
flat metallic blank 1 is set on a lower mold 2 having 
a punch 2a and a punch holder 2'b, and a press machine 

25 (not shown) is operated such that the lower mold 2 and 
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an upper mold 3 having a die 3a and a die holder 3b 
approach to each other. As shown in Fig. IB, the 
metallic blank 1 is then drawn in its entirety in the 
boss projecting direction such that the metallic blank 
5 1 is convexly curved in two stages. The shape in which 
the metallic blank 1 is curved, is determined by the 
tip shape of the punch 2a of the lower mold 2 and an 
inlet tapering surface 3bl of the die holder 3b of the 
upper mold 3. 

10 As shown in Fig. 2A and Fig. 2B in which a sec- 

ond sub-step of the first curving (drawing) step is 
shown, there are used (i) a punch 2a of which tip 
shape is different from that of the punch 2a used in 
the first sub-step, and (ii) a die holder 3b of which 

15 inlet tapering surface 3bl 'is different from that of 
the die holder 3b used in the first sub-step. Likewise 
in the first sub-step, the press machine is operated 
such that an upper mold 3 and a lower mold 2 approach 
to each other, thus drawing the metallic blank 1 sub- 

20 stantially in the form of a cone. 

Then, the sequence proceeds to bending (squeez- 
ing) steps for forming a case-like boss. As shown in 
Fig. 3A, Fig. 3B to Fig. 6A, Fig. 6B, the bending 
(squeezing) steps include first to fourth steps. In 

2 5 each of these first to fourth bending steps, there are 
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used dedicated lower and upper squeezing molds 12, 13 
which are different from those used at the first 
curving (drawing) step in the projecting amount and 
tip curvature of a punch 12a of each lower mold 12 and 
5 in the curvature of the inlet corner portion 13b2 of a 
die holder 13b of each upper mold 13. In the bending 
(squeezing) steps, the upper and lower molds 13, 12 
are caused to approach to each other so that an arcu- 
ate portion lb of the blank 1 is squeezed and bent in 

10 the direction opposite to the convex direction there- 
of. As a result, the arcuate portion lb is deformed 
along the outer peripheral surface of each punch 12a, 
thus forming (i) a case-like boss 6 having a bottom at 
the ' center of the blank 1 and (ii) an annular flat 

15 portion 5 at the outer periphery of the case-like boss 
6. 

At the fourth bending step shown in Fig. 6A and 
Fig. 6B, out of the plurality of bending steps, a boss 
finishing process is carried out. More specifically, 

20 with the use of a dedicated finishing punch 12a2 and a 
dedicated finishing die holder 13b2, the bottom 6a of 
the case-like boss 6 is axially compressed such that 
the bottom 6a of the case-like boss 6 becomes flat and 
is located at a predetermined height. 

25 In each of the plurality of bending steps, an 
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outer peripheral edge portion le of the blank 1 comes 
in contact with the inner surface of an annular pro- 
jection 12c of the punch holder 12b of each lower mold 
12 • Accordingly, the outer peripheral edge portion le 
5 is always restrained from radially outwardly extend- 
ing. This perfectly prevents the material of the blank 
1 from flowing in the radially outward direction, but 
causes the material of the blank 1 to flow toward the 
case-like boss 6. Accordingly, the case-like boss 6 

10 can be securely thickened and the linear portion of 
the case-like boss 6 can be securely lengthened. 

Then, the sequence proceeds to a second curving 
(drawing) step for forming, at the outer periphery of 
the blank 1, a peripheral wall concentric with the 

15 case-like boss 6. At the second curving (drawing) step 
in Fig* 7A, the blank 1 having the case-like boss 6 
and the annular flat portion 5 is set on a lower mold 
22 having (i) a center projecting portion 22a which 
has an outer diameter substantially equal to the inner 

2 0 diameter of the case-like boss 6 and of which top sur- 
face is flat, and (ii) an annular movable portion 22b 
slidably fitted to and held by the center projecting 
portion 22a. An upper mold 23 has a case-like project- 
ing portion 23a of which inner diameter substantially 

2 5 equal to the outer diameter of the case-like boss 6 
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and of which thickness is equal to about a half of the 
radial distance of the annular flat portion 5. The 
upper mold 23 also has a column portion 23b fitted in 
and secured to the case-like projecting portion 23a 
5 such that the tip surface of the column portion 23b is 
located in a position which is depressed, from the tip 
of the case-like projecting portion 23a, by a distance 
corresponding to the projecting height of the case- 
like boss 6. The press machine is operated such that 

10 the upper mold 23 and the lower mold 2 2 approach to 
each other. Accordingly, as shown in Fig. 7B, while 
the center projecting portion 22a of the lower mold 22 
is moved as coming in close contact with the inside of 
the case-like boss 6 to restrain the deformation of 

15 the case-like boss 6, the inner peripheral portion of 
the annular flat portion 5 is pushed down in the di- 
rection opposite to the direction in which the boss 6 
project, and a case-like peripheral wall 7 is formed, 
at the outer periphery of the annular flat portion 5, 

20 as standing and projecting in the same direction in 
which the boss 6 projects. In this second curving 
(drawing) step, the case-like boss 6 is restrained 
from being deformed because the center projecting por- 
tion 2 2a of the lower mold 22 is fittingly moved in- 

25 side of the case-like boss 6. This prevents the mate- 
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rial of the blank 1 from flowing in both inward and 
outward directions. This not only prevents the boss 6 
from being deformed, but also enables the peripheral 
wall 7 to be made sufficiently thick. 
5 After completion of the steps above-mentioned, 

the projecting end portion including the bottom 6a of 
the case-like boss 6, is cut such that the projecting 
end portion has a predetermined projecting height h, 
thus forming a shaft insertion hole 8 in the boss 6. 

10 Accordingly, as shown in Fig. 8A and Fig. SB, there is 
produced a rotor R for an electromagnetic clutch 
having the sizes above-mentioned. 

The rotor 'r thus produced is so used as to form 
a predetermined electromagnetic clutch. More spec if i- 

15 cally, as shown in Fig. 9, a rotary shaft 11 is rota- 
tably inserted and fitted, through a bearing 10, in 
the shaft insertion hole 8 formed in the case-like 
boss 6 at the center thereof, and a core 15 for an 
electromagnetic clutch is assembled in an annular 

2 0 space 14 which is formed between the boss 6 and the 
peripheral wall 7 and which is opened in one direc- 
tion. A rotation transmitting wheel 17 such as a 
poly-V pulley is securely connected to the outer peri- 
phery of the peripheral wall 7 through bolts 16. An 

25 armature 18 or the like integrally rotatable with the 
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rotary shaft 11 is disposed at the outer-surface side 
of the flat portion 5 of the rotor R. 

When using the rotary member of the present in- 
vention as the rotor for an electromagnetic clutch 
5 above-mentioned, it is preferable to form arcuate heat 
radiating holes 19 in the flat portion 5, as shown in 
Fig. 8B. Such holes 19 increase heat radiation from 
the annular space 14 in which the core 15 is to be 
incorporated. 

10 In the embodiment above-mentioned, the descrip- 

tion has been made of the method of producing a rotary 
member made of a metallic plate adapted to be used as 
a rotor for an electromagnetic clutch. However, a pro- 
duct to be produced by the method' of the present in- 

15 vention is not limited to such a rotor. For example, 
the method of the present invention may be applied for 
production of a rotary member to be used as an inner 
wheel of a V-pulley 19 as shown in Fig. 10. 

Fig. 11 is a vertical section view of an un- 

20 finished intermediate part 20 of a V-pulley or poly-V 
pulley made of a metallic plate produced by the method 
of the present invention. This unfinished intermediate 
part 2 0 may be produced through steps similar to those 
shown in Fig. lA, IB to Fig. 6A, 6B. More specif ical- 

25 ly, a blank is so processed as to be provided at the 
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center thereof with a case-like boss 6 having a bottom 
and at the outer periphery thereof with a flat portion 
5. Then, the projecting end portion including the bot- 
tom (at the upper end side in Fig. 11) of the case- 
5 like boss 6, is cut such that the projecting end por- 
tion has a predetermined projecting height h, or the 
bottom (at the upper end side in Fig. 11) of the 
case-like boss 6 is punched, thus forming a shaft in- 
sertion hole 8 in the case-like boss 6 at the center 
10 thereof. 

Industrial Applicability 

The method of producing a rotary member made of 
a metallic plate of the present invention, is tech- 

15 nology of integrally forming, at the center of a 
plate-like metallic blank, only a case-like boss which 
projects in one direction from one lateral side of the 
blank, or integrally forming both such a case-like 
boss and a case-like peripheral wall at the outer pe- 

20 riphery of the plate-like metallic blank, the periphe- 
ral wall concentrically projecting in the same direc- 
tion in which the case-like boss projects. More speci- 
fically, with the use of a small press machine, there 
can be securely formed, with high precision, only a 

25 boss or both a boss and a peripheral wall, each of 
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which has a desired diameter, a desired thickness and 
a desired projecting height, such formation being made 
by combining kinds of bending operations so that the 
original thickness of the blank is not decreased so 
much in the course of production steps. This produc- 
tion technology can be effectively utilized for pro- 
ducing a rotor for an electromagnetic clutch, a V-pul- 
ley and the like. 



What is Claimed is: 



1. In a method of producing a rotary member made 
of a metallic plate by which there is formed, at the 
center of a plate-like metallic blank, a case-like 
boss which projects in one direction from one lateral 
side of the blank, 

said method comprising the steps of: 
curving a metallic blank such that said blank is 
convexed in the direction in which a boss is adapted 
to project; and 

bending, with the outer peripheral edge portion 
of said curved blank restrained from radially outward- 
ly extending, the resulting arcuate portion of said 
curved blank in the direction opposite to the convex 
direction thereof, so that a case-like boss having a 
bottom and an annular flat portion are formed • 

2 . In a method of producing a rotary member made 
of a metallic plate by which a plate-like metallic 
blank is processed such that the blank is provided at 
the center thereof with a case-like boss projecting in 
one direction from one lateral side of the blank, and 
at the outer periphery thereof with a case-like peri- 
pheral wall concentrically projecting in the same di- 
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rection in which the case-like boss projects, 
said method comprising; 

a first curving step of curving a metallic blank 
such that said blank is convex^d" in the direction in 
5 which a boss is adapted, to project; 

a bending step of bending, with the outer peri- 
pheral edge portion of said curved blank restrained 
from -radially outwardly extending, the resulting arcu- 
ate portion of said curved blank in the direction op- 
10 posite to the convex direction thereof, so, that a 
case-like bpss having a bottom and an annular flat 
portion are formed; and 

a second curving step of pushing, with said 
case-like boss having the bottom restrained from being 
15 deformed, the inner peripheral portion of said annular 
flat portion in the direction opposite to the direc- 
tion in which said case-like boss projects, so that a 
case-like peripheral wall is formed. 

20 3. A method of producing a rotary member made of 

a metallic plate according to Claim 1, further com- 
prising, after the bending step, a finishing step of 
axially compressing the bottom of the case-like boss 
formed at said bending step such that said bottom be- 

25 comes flat and is located at a predetermined project- 
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ing height, 

4. A method of producing a rotary member made of 
a metallic plate according to Claim 2, further com- 

5 prising, after the bending step, a finishing step of 
axial ly compressing the case-like boss having the bot- 
tom formed at said bending step such that said bottom 
becomes flat and is located at a predetermined pro- 
jecting height. 

10 

5. A method of producing a rotary member made of 
a metallic plate according t,o Claim 2, further com- 
prising, after the second curving step, a cutting, step 
of cutting the projecting end portion of the case-like 

1'5 boss having thfe bottom formed at the bending step, 
thus forming a shaft insertion hole therein. 

6. A method of producing a rotary member made of 
a 'metallic plate according to Claim 3, further com- 

20 prising, after the second curving step, a cutting step 
of cutting' the projecting end portion of the case-like 
boss having the bottom formed at the bending step, 
thus forming a shaft insertion hole therein. 
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Abstract 

The method according to the present invention 
comprise^: a first curving step of curving a plate- 

5 like metallic blank (1) such that the blank (1) is 
convexed; a bending step of bending, with the outer 
peripheral edge portion (le) of the blank (1) re- 
strained from radially outwardly extending, the re- 
sulting arcuate portion (lb) of the curved blank (1) 

10 in the direction opposite to the convex direction 
thereof, so that a boss (6) is formed; and a second 
curving step of pushing the inner peripheral portion 
of a flat portion (5) of the blank (1) in the direc- 
tion opposite to the boss projecting direction. 

15 Through the steps above-mentioned, the blank (1) is 
provided at the center thereof with the case-like boss 
(6) projecting in one direction from one lateral side 
of the blank (1) and at the outer ■ periphery -thereof 
with a peripheral wall (7) projecting in the same di- 

20 rection in which the boss (6) projects. Thus, ^ with a 
small press machine, there can be securely formed, 
with high precision, a boss having a desired diameter 
and a desired projecting height, without the original 
thickness of the blank (1) decreased so much in the 

2 5 course of production steps. 
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Fig. 4 A 



Fig.4B 




Fig.SA 
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COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

This declaration is of the following type: 

original 
design 
supplemental 
national stage of PCT 
divisional 
continuation 

continuation-in-part (CIP) 

My residence, post office address and citizenship are as stated 
next to my name, 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed for and for which a patent is sought on the invention 
entitled: 

Method of producing a rotary member made of a metallic 
plate 



the specification of which 
[ ] is attached hereto 

I ] was filed on / as 

Application Serial No. 

and was amended on 

(if applicable) 

[X] was described and claimed in PCT International application 

No. PCT/JP92/00508 filed on April 20, 1992 

and as amended under PCT Article 19 on 

(if any) . 

I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any Amendment referred to above. 

I acknowledge duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Sec, 1.56. 

[ 3 In compliance with this duty there is attached an information 
disclosure statement. 37 CFR 1.97. 



I hereby claim foreign priority benefits under Title 35, United 
States Code, Sec, 119, of any foreign application (s) for patent or 
inventor's certificate listed below and have also identified below 
any foreign application for patent of inventor's certificate having 
a filing date before that of the application on which priority is 
claimed: 

[ ] no such applications have been filed 

[ ] such applications have been filed as follows. 

Prior Foreign Application (s) 

[ ] C ^] 

(Number) (Country) (day/month/year filed) Yes No 

[ ■] [ ] 

(Number) (Country) (day /month/year filed) Yes * No 

I hereby claim the benefit under Title 35, United States Code, Sec. 
12 0 of any United States application (s) listed below, and insofar 
as the subject matter of each of the claims of this application is 
not disclosed in the prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, 
Sec- 112, I acknowledge the duty to disclose all information known 
to be material to patentability as defined in Title 37, Code of 
Federal Regulations, Sec, 1.56 which became available between the 
filing date of the prior application and the national or PCT 
international filing date of this application: 



(Application Serial No.) (Filing Date) (patented, pending, 

abandoned) 



(Application Serial No.) (Filing Date) (patented, pending, 

abandoned) 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the 
following attorney (s) and/or agents to prosecute this application 
and transact all business in the Patent and Trademark Office 
connected therewith. 

George M. Cooper, Reg. No. 20,201 Eric S. Specter, Reg. No. 22,495 

Felix J. D*Ambro9io, Reg* No, 25,721 Douglas R, Hanscom, Reg. No. 26,600 
James W. Hellwege, Reg. No. 28,808 William A. Blake, Reg. No. 30,548 

John P. Foryt Reg. No. 32,866 

Send correspondence to ^ Direct telephone calls 

Felix J. D'Axnbrosio 

JONES, TULLAR & COOPER, P.O. TO: 
P.O. Box 2266 Eads Station 

Arlington, VA 22202 (703) 415-1500 



I hereby declare all statements made herein of my own knowledge are 
true and that all statements made on information and belief are 
believed to be true; and further that these statements were made 
with knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any 
patent issued thereon. 

Full name of sole or first inventor Toshiak i kanemitsu 



inventor • s signature ^^^^O^' 28/10/1993 (pate) 

1-40, Kasxjunigaoka 7-chome, Tarumi-ku, 
Residence Kobe-shi. HYOGO 655 JAPAN . 



Citizenship japan 



Post Office Address Same as Residence 



Full name of second joint inventor, if anv Kazuyuki PDA 

Inventor • s signature /\^^^^^ ^ i ■ 28/10/1' 

1179-93 , Rokubuicfti , " Inamicho , Kako-gun , 
Residence HYOGO 675-11 JAPAN . 

Citizenship JAPAN 

Post Office Address Same as Residence 



Full name of third joint inventor, if any . 

Inventor I s signature (Date) 

Residence 



Citizenship 



Post Office Address 



Full name of fourth joint inventor, if any__ . 

Inventor's signature (Date) 

Residence \ . 



Citizenship 



Post Office Address 



